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ABSTJ^CT gy THg DI5CLQSUKS 
The Invontdon re^BtsB to a prooesB for ths pr«p«raclDii 
of A rubles vfeLCcind mulU.pXicatla» of rabies vlruAAS in 
animal uftxvft tlBsuo or poultry eafibryoB^ h&rvoBting of tho 
5 viruses frost t.hd nerve tl&sun or frcn chB ha^B of zhm 
cnbryoB, enriching the vIxaI pr8pArat:ionj inactiv«tlng 
th»r»o£, And prsporlTig a vftcci2»» In one ABpeot* the procesB 
coanpriaep bacBO^anitlng the Asrv« tlBme ox ambryD hsBiSLs Bod 
hATvestlng o£ the viruses therefrom by avoldln? the use o£ b 

XO mixfttr and thus priiVBiitln? £bsia^ zo bxuI CrBgmencatlDii of the 
vizQsea. The nerve tissue « the enbryo beads or their 
cozatants are cojnmlnutod in a Maner which preservec cell and 
viral integrity. The preparation is then treated by 
Bttparatiag the conplete live vlruBes which are capable of 

IS multiplication from the resulting cell auspanclon^ 

dfilipidatlng by extraction with a water -irnmiacible orvanic 
solvent and then further selectively concantrating tbe 
viruses thoreof < 

The Invention also relates to a jnyBlla-Cree rabies 

20 vaccine which has been obtained b^' the process described 
above from aeimal were tissue or poultry eaobryo head tissue 
containing rabies vlrusea. 
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BACKGROUND OF TH£ jyVENTIQN 
yield ot the Invention 

The present inveotioti relates to a new, ecpnornic process 
for obtainiog d rable* v^cclni^ comprisino cabtaioing wliole 
5 viruses and reuaering the virusft^ thereof incapab3.« of 

replicating by chemical trftatanent. This invention alao 
relatea to a vaccine obtained by this prooescr which is by 
reason of its high puritry, distinguiahftd by a high specific 
activity and the absence of undesirable secondary reactiona 
10 vhen inocuaatftd .to human subiects. 

DescrlDtlo n of the Background 

Moat rabiea vaccines have up until the preseoc tiroe 
been obtained by flmltipli cation of the rahtes virus in living 
aoilDala iuch as aice^ rats, rabbits, ebeep, etc. Uowever, 
15 the thoa obtained viriis- containing preparation* contain 
' conaiderabXe axnount* of myelin and elicit detriaental cidc 
ef facta. 

In recent times, robica vaocinea have alao been obtained 
froro vixuses multiplied in poultry enibryos. This method hae 

20 the advantage, in principle, that the thua obtained virus- 
containing tissue contains hardly any injurious norelin. 
After multlpiioation of the viruses in poultry emhryoa, these 
cabryoe arc completoJty homogenized in toto in a mixer or 
blonder » In this manner, however, it is only posaible to. 

IS incompletely aeparata from thia pasty haniogenatE the virus 

- 2 - 
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canstitxiencs frcmi heterolc^Qus protein which niay initiate 
uadftfilxed secondary rsactions upon inocu3.atioii. This is &1bo 
the casft with vaccines obtained from brainB of living 
aaimals which. have been Infactdd vith riihieo. Orx r^pea-tea 
5 laocuiatlon - iiidispensable in the SAse of hutitczncn, foxectry 
v/oxkers, vctierintrla^ne, etc. - tlieee fleco»dajry reaction may 
iDcrsae« oon^iterably and renac. in violent aUcrgio defesBo 
ra&ctlonfi against tb« bete^roloijouB pcotelas* 

The giidlity o£ asibryo vaccines ha« beea Bconmhat 

10 improved by nsiog only the heads of the eobryoa to obtain the 
vaccines, since, la conparlBan, ej&bryo lieada oarry an 
eaeentlally hi^ber conoentration of the vixiiecs, the vaccines 
prepared only trom eiobryo heads h&vo a correspond n^Iy lovrer 
content oi byproducts ena cause fswex vide effects i Qerman 

15 Patent 3. OPS, PC 4 ; U.S> Patent 4,255^530 ) . 

However, Id the course of preparir^g vaccines frara nerve 
tissue of aniaale (trow ejnbTyoe or from embryo beads), 
vixuaes are often damaged or fra^znaated when the virus- 
containing tismea axe homogenised with a mixar or blender* 

20 This considerably reduces the activity oi the vaccine 

prepaxed froiQ homogenates of this type and nalces its purifi- 
cation mora difficult eioce laxge amounts of proteinc 
and liquids are roleased frcn the fragnentod cella^ 

h Jiligbtly better vaccine has only baen obtained by 

25 ffittltiplicition of the rablee viriiaes by in vitro culturing 
human diploid cells tHDC) < B. Xooroiff slcl ^ "Vaccine lox man 
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preparod In human diploid cellis'*. Laboratory Tfechniqusi: 
m Rabios by N.M. Kaplan and H. Koprow^Jd^ WHO Monocnraph 
series Mo- 23, Cbapccr 2B, pp. 2Sfi-S0 (1373); T.J, gjlrtor , 
DftVftlop, Biol. Standard, vol. 37, pp. 256-66, S. torgar, 
5 Basal 1978, "Production wsd control of rabies vaccines nade 
on diploid ceLla"; T.J. WikTOT a l. "Pav^lopsaent and 
clinical txial of rabies vaccina o£ tixeua oultuxe origin". 
Develop. Biol, standard. Vol. 40, pp. 3-9 (1978)). The thus 
obtained vaccines contain human proteins e^s contaroinantB. 

10 Sucb proteins, Howaver, although producing fewer, secondary 
reactions than do Kdterologous proteins, ctill produce ©oae. 

A confiidexable disadvantage of thia rosthod is tne 
relatively low multiplication rate of the rabies viruaes in 
diploid fibroblast ceils. Tills requires the use of a JO- to 

15 2S-fold greater conccntracion of the vaccine. Hence, 
this method is not efficient anougb to siaet vorld-wida 
demand for rabies vaccina in an econoaiqally faasible nkaoner. 
The preparation of a rabies vaccine in duck ertbryo cell 
cultures is described in P^s. Patent 2.674>ag3 . m this 

20 process, however, the aiultipUcation rate in cell cultures 
is lisiited, fU.S. Patent 3,973,000 descrihi^a a mstbod for the 
enrichment of rabies viruses by donsity gradient centrifuga- 

telle and A. «avri Mikrobiologie, Infelctions- und 
Seuchealthra, Stuttgart ttticrofaiology. Infection and 

2S epidoBaolcgy):«9-493 Stuttgart [1978) describe the 

traditional, preparation of duck «nbryo rabies vaccine). 

- 4 - 
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THUS, there Xa a pr5»Blug need fox a new aind Ki^JUy 
active r*bie« vaccine vhich contains mechanically intact 
viruses with txiXlj rsta±»ec5 natigenic Activity, which i* 
str^iohttorward: to prepare And thus not too costly, and 
S frftft of &idd &fiBct£. siich vaeeino voiild be m effective «Da 
vell-toler«ted vaiccine vhiA has Ion? been scu^ht for 
Tvorld-vid^ control of the leAXSonus and fatal rabies di&aaee* 

■ SuwypoEry op ths iNVENncw 

Tha preaent inveation provides & proce^ft for obtaining 
10 ijiactivatcd xabicfi viruaos whicb are oubat-iantially mycliD- 
fro«, coffipriaing: 

(1) intxacerebxally ir^ulfttiijfj an ejiperiracntal aninal 
with whole live rabiea viruses; 

iZ) allowing for Mid viruses to multiply; 

{3} coniminutjLz>9 nerve tia«ue from tha animal's brain to 
obtain a eeXl euapenslon^ said conulmition being conducted in 
tbe absence of a mixer to preserve tbe integrity of the 
viruses; 

(4) separating live whoie viruaes from the call 
20 e^iapenaioni 

(55 deilpidatlng the live whole viruses; and 

fSj selectively concentrating the viruaesf wherein 

steps (II tbrougb (4) are eooducted at least once and up to 

3 tines. 

- 5 - 
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In addition, this InvfiBtion &JL6c pro^rl^efi a procQSB fo; 
obtalxiing inactivated rabies virujie» vrhich «re f»utoBt«nti4lly 
inv«Xln*ir»» comprlsixagi 

(1) inocbUting a poultry mbryo 099 Kit)i vhoXa Ilv« 

C2} Allowing for Bald vlrus«a to maltiply; 

(3) commiiuitlno tht mbryo frosa the poultry egy to 
obtain a call suspmsioai Eaid eoanlinirlon boixig oooductod la 
ch« ab»ttxice of a ninr to prwoarve the i7s%o9rlt7 of cho 
viruses I 

{4) separating liv» whole virui«e» fxon The call 
fluspenaionj 

(5) delipidatin? the live whole viruseBf and 
(6( Belectlvely concentrating the acteiiuat»dl viruses 1 
IS %rhereis Kteps CI) through iA) are performed at least once and 
up to 3 tiinas. 



This inveDtJ.oa alao providea a rabies vacoine consiprislng 
iaactlvBted rabiee viruses which are sub stanti ally 
myelln-free, said viruses being present in an ajnount 
effective to elicit on inominirlng respoase when sdxnlnisrered 
to a subject. The present vaccine jnay be obtained by the 
hereinabove processes. 



^ 6 ^ 
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DES CRIPTION Of THE INVKNTIOH 
The present invention relistefl to an economic prosESc for 
propAi'ing a rabies vaccina vibich ia ot ^j'le hiqhcst quality 
whets coirpared to vaccines obtained frozn viruDeg multiplied in 
S lilploi^ hatban ceUI cultures. 

In oae aspect o£ this invention the proceBB conprises 
(I) isolating the raJsies viruses which have nultipliecl 
in animal ner«/e tiB«ue or poultry amhryoe avoidlTi? mechanical 
danage to or fragmantation of the viroscc thereof; 
10 (2) removing lipid* from the reaultdng vini«eB by 

extraction witli a wafcer-immiocibie organic aol vent, cucb as 
volatile paraffin Jrydrocarbons or halogewated hydrocarbons 
such as f luorinated hydrocarJ^oeis ; 

OJ enriching the delipldatisd vixueee by density 
1 5 gradient centrif ugatlon; 

(4) precipitating the viruses by addition at a 
polyethylene glycol (e.g., pbq 60Q0) aiuJ concentrating 
by centrifugation and purifying the ILve whole virueea, 

StEp (x) entails extracting the rabies virus by cautious 
2 0 somffiin\itlon [preserve cell and viral integrity ) of the 

nerve tiBSMe or poultry embryo heads (e.g,, ducK, chid^ton or 
quail) ^ and washing the tissue fragments with a buffer, e.g., 
phosphate-containing buffer. This step is superior tliao 
hoinogenicing in a mixer or blender siacs foreign proteins , and 
^5 Upide are soLubiliscd to a Leader extent, the occurrence of 

- 7 - 
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oxidation products ot ancigena, proteint and lipioj; ia 
Avoided, and the content ot intracBiaular, incomplete and 
nou-imitiuniringr rabies antigen is dlminifihed. The virue- 
coataifij.ng auspenBlon obtained by uaflhing Uie tissue Irag-- 
merits witb an actueous buf£er solution is then remDved bf 
diffeiCTtial centrifuqatioxi. 

At least 95% ot the residual protein is discarded by 
operations 3 and/ or 4. 

The vixuees are then finally inactivated in a knows 
wanner, for example by addition of B-propiono lactone or 
tr i- { n-butyl ) phosphate ♦ 

DESaZIPTlO?^ OF THE PRETERRg) ZMBOPrMagTS 
The individual process scops of tbe inventive proocss 
are performed in soch a rtanner that a surprisingly good 
overall result is achieved. Harvesting vinisea only form the 
heads of the eanbryos entails producing a high basic 
concentration o£ the viruses. The »ild treatment ot the 
virus-containing tifisuo niaterlai gives a fine paete, 
especially upon avoiding the howogenliation thereof vlth a 
iKUor or blender, provider a viral suapenston whioh C3chibite 
substantiaaiy no mochanically dajttiaged or fragmentod viruses 
with incomplete antigen content, and which, moreover, 
contains far fewer foreign materials such as cell debris , 
proteins and lipids • Kw remaining lipids can be reraovod 
from this viral suspension by extraction, and tbe proteins 

- 8 - 
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C«n t>c f&r more ccvopletely xemoveta by ee^iecrtlvv coT\c«ntrjition 
ftnd/oi prficipititicn ot th« virus th«n fTors ft p^sty 
hotTioi7en«te< . The vAccin^ obtained by the proc^sfi camprlBing 
the Bequ«nc« of EtepA de^crlboO i» istp£QV«d by Axou&d 90'- fold 
5 cfintpe^rtd with the conventional duck oabrTo rftbi«< vaccine « 
Vhen the preparation of rftk>i»« veceinc in otitAinad by 
PAAsaging on Dervo tisBues of animals such aa mica, rats, 
rabbits ood ubB^p, tha virufias ara multlpllad in the living 
animal hy intracsrebral inoculdtioa of rabies viruBet 

lO of staisdardized scad atrsl»«. it muct^ however, be noted 
that tixe faaltiplicatlon of the vlrusea la living animls Ixas 
the disadvantage, ccoi^arctd with the jnultlplicfttlon of the 
viruBec in poultry embryos., that the nerve ticsue^ living 
aAimsls contain myelin* This protein 1p Xnown to give rise 

15 to accondary reactions when the vaccine is uaed, including 
eneaphaXXtia. 

After alaugliterlntr the anlmala, vhich were previously 
inoculatod with live whole rabies viruses , their brelna sre 
removed, ccDRnlnuted In a nanner which pre^rvee the wholeness 

20 ot the cells and the viruses, and a vaccine i« prepared trcm 
the reaulting cell auapenslon by the procea* deaoribed 
hereinabove, owing to the aVQidanoe of cell fragmsntation 
durix3ig the coominutioa of the vtma^-ccntainlzig nerve tissues, 
Icaa nyelln la released than during consalnutlon with a 

25 aiixer, coring the extraction ot the lipids with an organic 
solvent in a later step of the ptooesi a further part of the 

- 9 - 
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•till preaent Tny«llfc i* removed in aach d inannRr t^at tho 
vacoin« which i« finally obtained ca^jms only ftiinl:n*l, if 
any, secondary roaetlGAii, atul those vhlch ar^ cauaad ar© 
atill highly tol»ra]»le. 
5 The Btepa of thn process miat }m aonduotfta avoiding the 

nee of a nvlrax or hlender for the hcsnoQealaa^on of nerve 
tiaaues or of embryos or embryo heada on harveatl&9 of the 
Ylruaoa, Oiia prevenia daM^e to and fragmsxitatloa of the 
viruaee by cowmlnution of the nerve tlasms or of the enbryoe 

ID or embryo heads and their ao&tents in a manner vhleh 
pr«aftrves the wholenfioa of the oella &nd the viruses « 
separating the complete live viruses which are capable of 
aultlpllcatlon from the resulting t?ell suspenHion^ aiad 
purifying the reaultin? viral suspeRsion, deUpidating by 

15 extraction vith a water-iaimlaciblo organic solveofc and then 
selectively concentrating the viral preparation. 

%e comimition of the nerve tisBue« the embryos or 
en^bryo heads or their contents, is carried out vitn the 
aid of a meat mincer on a course setting, by cutting up or by 

50 opening of the heads and cojwninuting the reBS0v«d brain tissue 
in a manner which preserves the Integrity of the cella, and 
thorefote the viruses » 

washing or extracting the viruses from the coanmiiiuted 
tissue is carried out vith a buffer eolution, preferably with 

25 «n aqueoua phosphate buffez of about pH 7-0, mm la knwD in 
the art • The renioval of. the lipids is carried out by 

- 10 . 
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extraction «ith . watsr-irodgiclble solvent, .uch as liquid, 
volatile, optionally halogenated hytfrocarboiu.. Biii.tabl« 
•oav«it. ara petroleua «!»r8 »ieh «. l«pt^«,, fmoria«t. d 
«rf chJerlMted etbaaw h«»2o»« th.r«£. aowvr other 
5 •olvM.t, c«n «l.o ba u.ad. ihe further coaci.t«*l«, of the 
d«Upid*t«d viral auspenalon be enrried by d«i»ity 
aradlent centrif ugatloa and/or pxaolpitatlro with a 
poiyathyleM glycol, preferably with »B9 $000. ac la haovn la 
tJ» art. SuitAbla types at embryo poultry eggs for the 
10 nailtlpUcatlan of rabl^* vlruB« are ii, particular those froa 
ducte. chlcxeas and guailn. In general, i«eubated duck eggs 
are preferred as the tia«e for the nmItlpli«,tioa of 
the vlr«*ea. The nyaUc-free rabie. vecdae provided herein 
n«y be lAtained from poultry embryo head tle.ua which 
15 caat.lM rablea viruses by the proeeaa which la deecribed 
above, which process fully proearvea viral integrity. 

The processes according to the iaveutioa result, in a 
rabies vecclne vhlcH, compared with the vecclae. obtained by 
processes hitherto taoun, exblblts a far batter ratio of 
?P antigen oont««: to protein content, contain substantially no 
foreign lipia,, and approach in .^laUty an ideal KM vaectnc. 



- 11 - 
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PETA3LBD DRSCRIPTIDW OF TH£ PROCSSS 
Now the process vrlXl b& d&ficriJsecl in xeLition to d^ch 
sdU^rAtfi step. 

B^e^ 1 : 

S A. rft)»l«s virus cLraln which is fioitable for the 

prepare cioa of the Vftcelna is adapted to the inte&dftd viral 
host by appropriate passaoes on the enbryooal cells of 
poultry egga er in nice, raxs, rabbits or shOBp, among 
others . 

10 Attenuated rabies viruae* are, far exArapl©, inoculated 

is to the yolX sac o£ £ert.ilized poultry eggs which have* 
UDdargone initial incubatloz] and ia which an einbryo has 
started to devc^lop. After about two weeXa* the embryos sra 
rsraovod and their heads are harvasted. The embryo heads are 

15 coBnrainuteO io a manner which preserves cell and viral 
integrity in a meat inltscex. 

Alternatively r the head of the en^ryo. 1& cut open azsd 
the brain ti&fi-ue is removed and cOBcmLjiuted . Tbe 
nnilti plication oZ the viruses may also be undertaken in 

20 living AXilmals. In such case, animals wlilch are only a few 
days old (mice, rats^ rabbits, lambs ^ etc») are usually 
inoeulatdd intracerebrally with the sane species-specific 
attenuated seed vlrtts. 

Aiter about 10--30 days the os^imals are sacrificed, 

25 and the brains srs rasrioved by operation and conBoinutsd in a 

■ ' 12 - 
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mann^i \#hicb preserves call and viral Integrity . The 
extraction of the xwbiep vii-ue trcm the cocnminuted tiaaue is 
c&rried. out by w&ahing the tissue fr&gmfinti with & 
pho«phAte-contalolno te£ier. a ault&bla pboapkute buffer 
^ is one coopriBing^ e*7.« D.7S% by wei^tot of disodluin bydrogcc 
phocpb«t« (Ka2K&04}, 0.1 m weight of potAscium dihydrogeo 
IkhoBpfaate CXH2?04) fttKi 0*48% by Mei^tir of aodlujo ehloride in 
dlBtlll«d WAt&rr pH 7.4. Howsver, ot>ier buffer solutions 
XnowQ in the art my also be used. It is «q\Milly possible to 

10 use for the sxtra.cTioa# stabilisers asd salt solutions which 
are tustnajiarily \LBed for the preparatioa of viral vaccine 
ffUBpi^nsionSr or even deionixed water as long as the pR is lA 
the range between 7 and 8» 

The suspension containing the viral antigexu is 

IS separated iron tha tissue by differential eentrifugation at 
about 10,COO-lSiOOO x g {q beixsg the acceleration ol 
Travlty). l^e renaining tissue sediment can be used for 
further esctr aotions « by which means a yield of about 30% of 
viral antigen is possible. The tm or mote virus-containing 

20 extracts are combioed and then filtered^ 

Step 2 : 

The foreign lipids still teiAAining in the viral 
suspeosioR are removed by extraction with a water-ijrwiiscible 
organic solvent, such as, e.g., with an hydrocarbon^ 
25 optionally halogenated and preferably fluorlnatcd. 

- 13 - 
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subssoqusntly, tha antigen extract ttbe virai sufipanaion) 
la enriched by densirjr gradient cenxrif-vgacion in & maaner 
knowo par se ht 15,000-90 ,0{H) x g ualcig a mffer and sa^ar 
eolutiocB of variooa concentr Ationa , by increaalng the augar 
3 eoxkcsnttatilon in «he buffer In o mauner Icnawn In the «XT. 
Alternatively, the viral auepaaaion can be coi)c<u)trated by 
precipitation with palyethylena glycol. 

Step 3 ; 

Thfi doMity gradicttt centrifugation is carried out 
10 ift a Aamer knom per se at 15,000 to 19,000 x g u«4jg etagar 
solutions of varioua concentrations and buffer solutions, by 
Increaaing the sugar coucentration ixi a buffer solution. Tor 
tbis purpose, the prepurified ouspenaion is pumped at 15.000 
to 90,000 X g at a flow rate of, e.g., 4 litrea/h over a atcp 
gradient of an increasing concentration of eugar (cwually. 
sucrose from 15 to 55 % J which haa previously been 
introduced- The fra^ctiona collected from the various 
densltiea eire thea *njj?jected to teatg for density, the 
contents of lipids, nucleoproteinc and tjiycop rote ins, and 
20 sterility. 

The antigen-containing fractions are pooled, tested 
once more, And then proeesaed further to obtain the vaccine. 
Physiological saline solutions of any type, e.g., the 
phosphate buffer uentioned above, can be used for dilution 
In a nanner kjiown per se (^cJl embryo rabies vaccine i 

- 14 - 
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J.H. HosXlrxg, Laboratory Tachnigues In RableB by w.w, RaplAn 
et al,, TOO G&nevA 1973, Chaptar 27, pA^efi 243-5S; Deflcity 
gradi^t centrifuyation: J. Htl^enhaua at: a1. . 
J. Blpl. standard. 4;2$3-27X U973); M. ?la1ftr fefe al. . 
5 Tiftvelop. Bloi. Standard. 37;2<7-271 (L977J; and P> Ataftaain 
et^^al^, Itevfiiop. Biol, Standard, iOilS-Ai, 

Stgp 4 t 

In addition or alter nativa to tJxe «firich»cnt ot t)ie 
10 viruB concenczatlon by density gradient centrlfug&tion, the 
prapurififtd, and usually tnricK^, viral 5v.xspenftion can be 
• further concentrated and purified by precipitation with a 
polyethylene glycol, prefer ably free of heterologous 
protein. For this purpose, the pfl of the viral auspension 
15 can ba adjusted to about «. After addition of a polyethylene, 
glycol (e.g., PEG 6000) to a final concentration of 6^ by 
weight, the BoapensioB la stirred for at least one hour and 
the vlnic is precipitated by ^obtfeijueat centxlfMgation at 
10,000 — 15,000 X ^. Tiie viral sediment is then reauspended 
20 in a s^abiliaer coanposod of a solution containing lactose and 
physiological gelatin ( g,W. MiXhailovsky et &1. . 
■Ann. Jnst- Pasteur 121i5fia-5fiH (IS^Ilh James KoSlarrv et al, . 
Virology 40:745-746 two}. 
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The intact Xiv« viruAcs capable of imiltiplic«tion 
wt^ich &re pr&sent in the ceBXiItiAg vir«L coticejit;ate Are 
now' izk&eitiv«ted« Beta-^ptroiilonolactone \&PL1 ia usutllf used 
S for tbe InaetlVA^ion ( S*X* t^oQrlPoe. . a»xia.1s Kew VotK 
luuiC^ of Sci. B3:57a-94 (1960). nowynr^r 
athttT .9Ubi»tbac?os axe aleo 

sol table fox this pturpafic such as crKn-butylJ pfaovph&te 
( H, Tint al^ j. SyopoBii Beries in '•X uaw cImik culture 
10 xebies vaccine , inactivcit«d and <lisa9g related with 

trl-tn- butyl) phosphate" Iwrnunobiol. Staodird* trxtWr 
Basel) 21i 132-144 J T.J. Wlktor at al. . Develop. Biol. 
Standard. 40ti-9 (137B), 

7he vaccine concentrate obtained by the new process 

2 5 differs from commarclally aveilahXe rabiee viiceiaes in its 

high eontsnt of antigen value units per loq of nitrogen [maa- 

ured U9inq the ntandai'ia NIX teat in mice and the antibody bintl- 

ing test in the Rmt) . Pxeferavly, the vaccina containe more than 
10 antigen value units per mg of nitrogen^ and still more 

20 preferably more than IS unite per mg of nitrogen, but 
alway* mon than 8 units per mg of nitrogen* a rule^ 
the aante can be obtained ualng unibbm eitibryDii w^iich do not aa 
yet feel pain and in which the brain tiEBue, uhiclv ia just in 
the process of developi&ent , appears to be still free of 

25 myelin ( 3d. Abdussalen et al^ , •'The problem of anci-rabiea 
vaccination" ^ Znternatlonal conference on the application of 
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vacciae against sBsay viral rick»tt»ial and bactarial 
<li0eBBe3 of man^ ?an. Am. Health Org. IPABO) , Sc. pub, Hg, 
226rS4-Sd (1970); and P. Fenie . "The status of exisiis? 
rabies V9ccin€5*\ ibid, pagos £0-£5). 

5 Stgp 6 : 

The ^acciae reBultlng a£ter the ioactivatlon can be 
disponsed into vialc and can tSien be frc««-dried* It laay be 
recoa»tituud £or use by dissolution or suspanaion using 
dlstiHad water. 

10 Xs isi well understood by thoca etiUfrd in the art of 

viral purification, additional ateps may be included Co 
further purlfv the rabies virus. 

It is possible by tho jprocaes which hae been deacxibed 
herein to prepare unlianited, or at Leaat adequate, aaounis of 

IS a valuable and Innocuous rabies vaccina in an acosamic zind 
relatively straightforward manner. The preparation of such 
quality rabiaa vaccine by Jnultlplioation of the vlruBae in 
human diploid cell cultures [HDC) ia highly inpoBBible as a 
consequence of the low efficiency ot the aubvtrate. 

It la notmortby that by an order of Pebruary 1979, the 
CDC has restricted the use of human diploid coll rabies 
vaccine to people baring developed Ll'fc-.thrcataning aide 
effects after adminiatration of the ducX einbryo vaccine or 
Who were incapable of acquiring an appropriats titer of 

25 antibodies. The reason given for this is Inadequate 

- 17 - 
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proUuctivity of the bumso diploid cell cultures (see el»a, 
MorMdlty and Wortallty Weekly Sepori: (RKWR) 27:333, 413 
(197B)). 

rallies vacslxM; prepsred by tlift proc&as acf^ordlng to 
5 the invention i» at least equivalent to «» MDC vaccina in 
ifhlch Uie vlrusae have been Timltiplied la )a»msn diploid cell 
cultures (Sc«, Example 1 bereinbeicwK Ho aide effect* have 
been obeervad upon adminlfltration of tbis vaccine up to tbe 
present time, thareby making available for medical use a 
10 rabies vaccitte of excellent value and effectiveness and wtvich 
has negli^ble side affects* 

When the antigen of this invention Is used co induce 
Insnane response in a human or animal, it is advtinlEtcred in 
an anount sufficient to elide an isnminlxlng response. The 
lb asiount of antigen may be adjusted h^* a clinlcieu doing tbe 
adieiniatratlonr aa conmonlY cccuxe la the admirdstration of 
vaccines and other viral agents which induce innuniaing 
reaponsesr Suitable vaccine unit amounts axe between about. . 
2.5 units and 10 units, preferably between about ^ 
2t> units and 6 units. Although a single admini^tratioa 

induces an i^nnune response , iRultiplo ad2Di&lstration& may be 
carried out if desired or. if so required in accordance with 
schedules known per se. Tbe route of adninisr ration can be 
any of the routes generally used for rabies vaeoinee, such as; 
3S by injection stibcutanaously , lAtramuscttiary dnci uhrt 
liXe, 

- - 
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Bilvlag now geuieraXly described this invent Ion r the same 
will he better u7uierfi^ood by reference to cer^iz) fipocllic 
cxastiplcs, which are included hereto for puarpcseB ot 
illustration 0DI7 and ara not lateade<3 to be lis&iting of the 
5 invention or any eiobodtn^it tljeraof, unless: so spetcified. 

ExaniPle 1 - PRSPMtATTCW OF A PURTPIfiJ) OUCK BMBRVO JkAlilHS VACCINB 

!• Preparation of the virus yospengiop 

(A) His "Wiatar rahie^, m 1-Pitinaa-Koore) «RDCS- virus 

^0 strain frtaa the Vistax. TDStitute, Philadelphia, or another 
rabies virus atradp suitabla for the preparation of a vaccine 
was adaptad to the embryo cells before actual use by 
intracerebral paaeage in mice and repeated passage by 
inoculation in duoX eggs which have undergone initial 

1^ incubatioTi. The virusea use^ for Uvc preparation of the 
vaccine are thove from & passage vith a particularly high 
titer and which have already proved to be suitable in the 
preparation of rabies vaccine in accordance with the oiatbcd 

HosXins ^ ^Laboratory Techniques", in Rabies by Kaplan 

20 et il., WHO, 27:243-55 Duck Babryo v«ccln« (1973). 

Fertilized duch egeia fron healthy stocks wexe 
incu}>Btsd At a te»poratare of 3C*C ± I'C and a hxunidity ot 
65-70%r After air. daya they arc candled wixh UV light and 

- 19 - 
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unBoitaUe egqA ar« rejuctftd. Od day 7 of icicubvtian^ the 
rabies vlruc was IsocuiAted directly iato thft yolk sac of the 
6990 In vhlch an funbryo was disveioping. TSie Incutetion was 
coxLtlzxued and 10-14 daya later tha egi^a were again candled 
S vith yv light. The eggs in whix:h the ambryDS cocrcisuecl 

to develop well were opened unde:: sterile coodltic&iia , aad the 
anbrycw vere removed and decapitated* The heada vcre etorad 
individually utider sterile conditions in the vapor phase 
over li«7uid nitrogen until the sterility c^sta were 

Id coinpl9ta« Groups of 40-^0 of the sterile beads were combined 
into a pool with tbe addition of a defined aioount o± a 
stabiliser. Ibe sterility of each pool was again tested* In 
addition to the stabili&er« it was also possible to uaa a 
Vacl/phosphate buffer coAipriding 0.75% dlsodiun hydrogen 

IS phoepbate# 0.14S% p^tassiun dihydroTen phosphate and 0.4&i 
sodium ohiorlde in distilled water, or other sialine solutioos 
as ara cuBtoreary for the pxurpoce of diluting vaccines, even 
desalinated water, aa long as the pB vas in the range batveen 
7 and 

20 The rabies virus ejetract was dbtslned by ccnrainutlon of 

the abo^ Mentioned sterile embryo head? osing a cneat 
mincer « The tissue fragments weta washed twice with a 
phosphate^containing bufifer. After centrlCugation at 
10»GQQ-iS,ObO X 9 and at a temperatture of 2'B*c the 

25 infectious virue vas eoLlected in the aapematant fraotlon* 
^iemaining be aln particles or other lipid-conteining tissues 

- 20 - 



http://patentsljc.gcxa/fcgi-bin/any 2htinI?FILENAME==^^^ 12/17/2002 



01271708dis.aip Page 20 



Page 2 of 3 



1271708 

were removed by subsequent filtration through « gaure filter 
8YBtfim. o^hc remaining r&AiduQft of haad tissue can be 
extracted once more and filtered by utc of the ft«»e process, 
^ which VMsns a. higher antigon yield of about 1D% is 
S achieved* The sedlinexit mm again rovpended in a 

phoRphata-e&ntaining buffer and itirrad fex at laast one hour 
at low teaoperature (1-4*C) before the centrlfugatiOB and 
filtration. 

(b) A eub^etxuent, virtually oomplfyts delipid&tioa 

10 ii«aa carried ogt by mixinvi the resulting viral au^pansioa with 
inert li^gtiid faydroc-arhoQ solvent vith n 
relatively low density « auch a«r icr example p n-hept.ane-. 
Hamogeniaation was carried out in every oase under a glass 
hell cfi»tainin9 nitrogen gas. The viral suspension was 

15 puinped through a nixex systen, e.g*, Virtis mixer y ac 
a conatant flov rate of, e.g./ 500 sal/nin. At the sana 
time, the n-beptane was pui^ped into the nixer syatesD at a 
ratfc of 50 nl/mia. She llpid-containing phase r am o v ed by 
centrifugaticn at 10,000-15,000 x g* Traces of tho dissolved 

20 hydrocarbon solvent were than removed tram the delipidatad 
virus ^ictract by allo*ifing an inert gaa such e.g., 
nitrogen, to bubble through the aqueoua phase and maintaining 
the acquQoua phaao under vacuum at 4'C tor a period of 
about 15 hours, 

25 (c) An alternative prooess for the hydrocarbon 

delipidation is as folloiea. Sterile embryo heads nay be 

- 21 - 
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Th» removal of the foreign Upids emv th©x, b« carried oxit by 
using th« fluoriuared hydrocwrfaon iDlv«nt 
lrl,2-tricbiorotri£lttciroetJiaiie. The isulividual vorXln^ 
5 Bte|»« ronalD the same* 

^1- concentration and f urther purl£ icAtiofi of thft virtt* 
sttspgnaion 

(a> The prepurified rabies viral »uap8nfilQn prepared hy 
the procesB described ebove had a viral titer betwsM 10^ and 

ID 10^ llLi>5j)/na. Ibis material waa further purified end 

eoneentxated by centritugatlrig orten or t««c or. a linear aucxoBe 
gradient 1 15-55%} at 75,000-90,000 x A concentration 
fae?tor of 100 si wa« attained in this manner. Tlw 
glycoprotein and nucleoprotein content (before and after 

15 »olubllitatlon o€ the virua membrane ^th Triton X 100, 
that ie to say ©lection of the intact virione), the virufi 
titer ^ trie denaity and the aterillty of the gradient 
fractiona vere tested, Sterlla fractions with « ratio of 
rabiee glycoprotein to nucleoprotein which correaponclQ to 
that of the purified whole virion aolution, and with a very 
high InfMtloua titer (for example lO^-lO^O KLD^^/wl) ^"^re 
ootablned and reserved for further proceeding. 

ih) A further purlUcetlon and concentration of the 
viral sucpenaion can be achieved by polyethylene glycol <PEG) 
preeipitatloa. For thla purpoee, PEO 6000 t Siegfried A.ts. . 

• 22 - 
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phDBhMB- containing buffer Bolution {pR ft.O}. ThiB stock FSO 
ftolutloR srorilis«d in em ButoclAV* 0tDr«d u 4*c. 
The YiznX suspttoslon which ftiAjua£»d to a pK of («Q 
S with a 10% iiaOH »oltttl» vas thra proelpitat^d mitik che «toc3c 
P8G aolution at a Claal dilution of 6%. ^ rbixture vsn 
ntlrrcd at, a tetnpe latere of 4'C foor at l«aat one iiotir- The 
rabies virus can chen be ftedimcntod by aentrif agatlon at a 
speed of 10«0DQ*XS ,000 x 9 cwt ft pat'lod Qf ^0 min. Tba 
10 rmoved vlruK was aa&in BUBpasded vdth a a^abilisar to the 
final volumie and waa reaerved for further prooesaing. 

rogaiulation of tha viral concent rat eg 

Pretested viral oonoentxatea %«re conibinad and diluted 
vi^ a suiuble Stabiliser, for example aodiOff phosphate 
15 buffer <pK 7.4) « with ft physiological sodlam chloride 

solution ^ or Vitb another otabilixar vhlch has already been 
deacxibed (aee^ Hopking m l.c, J to a concentxatioQ of about 
lO^'^MLD^Q/ml. Sterility and virus titer wers tested 
a^ain* 

JO 1V« Inaotlvation Qf_the virucea 

For Uie inactivatlon with beta«*prQpionolaetoner the 
final voUtiaa of the viral aoapaaalon waa nialDtained at a 
tmpezatura of 1-4*C with eontinuoua stirring* rreshly 
prepared, ice-cold agiiBotta beta-propionolaetone polution vaa 
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•Ufled ia an amsuat •ueh that « e«nc«,tr«tlon of lu.OOO w«« 
MtalMd. Mtei tl»« »«ia«n«io« was stirred at a ternperatw. 
of 4'C fox 5 mla. It »aa trwBfwred into a «mo»1 va««al _ 
.tirrad for a further 40 hour., tte pa .nd t«i^arature vera 
5 coBtliioUDjy .mmltorad. A d^nraas. la th* pH taX«n a. a 
™e.a«r« of BPl h>^ro3ysix. recorded, tha fall fr«n 
•bout 8.0 to about 7,i. At the end of ctoa laactAvaUoa, 
thio«er«aJ (o-fetJiyl».rcurytMo>.bew5oic aoid) vas ulded 
until tha coaeaBtratlon of this antiwptlo wbatanca wa« 
10 1:10,000. 

V. Praaga-<lyy4 ,p<-f 

Tta laaetl^at«l viral 8U«pe«ioa obtained la aecordaaca 
with .action IV wa. dUpenaed la aingla doa« of 1 «l i«e 3 
«a viala. freate-drj.ia, atoppara were placed loo.ely ca top, 
J5 -nd th« vaccine «.» fr^ew-drlad m vacuo. 1«-w tha dryia, 
proca« vaa completed the stoppara war. puahed ia ti^bt «^ 
the Vial, were clo«d with »otal caps to aa.«re tha tlflhtaeaa 
ot the Vials. Th- vials were thea atored at a ta«u«r.ture of 
~20-C. 

md tute o< vitpg^n^ 

yrior to ita uaa, 1 1 of «;arile diatlllad «ater «ae 
iaieetad through tha rubber topper Into each vial. vial 
w.. thea ahaken cautioualy, without foradag a fo«., uatil tba 
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ID 



15 



V 



accine completely dissolved. The entOre content of the 
vlal wa6 thso iojecced iiubcux*nooufily into the upper «rm of 
tbe subject. 



Quality control f>f tih ^ final p r oduct - t^^^ 
TSdo quality coittsol procedurtsa ctcanprlswl: th« 

datariDlnatioD of the antigenicity, ctsrlOity. IXMictiyity. 

innocuousuMfi and content* of nitrogen, choleBterol, NaCi, 

BtL reaidUBB aod thioroersal.. 

Antlo&filcfitY s 

Antigens wmc t^etfid in accordance with 
Btandard laetructione of the National Institute 
of Heaich, OBA. Tboir abiUty to biud Antibodies 
in the sptit test w»6 9I90 weagured I R.J. Xr^o gt 
Al.., Laboratory Techniouea la Rabicc, 3ni edition, 
WHO Koaogroph Series 23i265-2fi7 (1973), and 
jIiS^_Sjaith ot al,. Lab. techn. in Hah., 3rd 
edition, wao tenograpb Setlos 23:354 to 357 {1S73J. 
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Sterility: 

All tho final prodluctB for uBie wre i^roven to 
be tfterile. 

Inatrti-vj-ty * 

This was tested In avery casa on three 
yo\ing r&bbits amd ten mifie, which, aft^r 
ifttracerebrAl Inoculfttion of the recon«tituted 
vaccina^ wia obsarvod for 14 days, xbe anlnaoa 
showed 3XO signa of di^eaoe in any cace* 



Three guinea pigB received 5 ml 
Intr^paritondAl doed£ of the reccmatltuted vaccine 
solution, and 3 mice received 0«5 nQ I. v. doses. 
In no oasd did th« aninalc shot/ reactions differing 
from normal. 

The stability of the vaccine obtained In 
accordance with the above description in the 
freease-dried form vafi also tseted* Sfficacj' 
(XGV-U/na as a percentage of tAa initial figure 
(0)> vaa r^efierved after storage at the stated 
tenQ;>eratuxe for 3 i&oathE. 

U) st&bilitv of the vacoine obtained in 
accordance with Example 1 I concentration U 
accordance irf.th 2a) in th* freete-dried form. Tho 
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activity (AGV-u/ml) ss t porcantag* of the initial 
figure tP figure) ia sbcwa in Table X, aac«ittJ>elDw. 





Table 2: 


^ctivitr of the Vaccix>e tSsfOTple 


l-2a) 




Barch 


0 figure 


37*C 


+ 37*C 






AeV-0/ial 


1 mOQtb 




83 


Ly III T16 




100% 


110% 


B3 


L7 III Tia 


7.3 


9311 


92\ 



tb) BTiablllty Qf tte rabie* v«e?ciB« pir^iiwd . 
la aeeardaace irf.th ExasqpX& 1 (eoncexjtratloa in 
accordance vrltb 2b> in the freetc-dricd fonn, TOie 
activity (AGV-u/jni) as a percentikge of the iiii.tiAl 
figure (0 figure) ie Bhc^n in Table 2 hereinbelow. 



Table 2i Activity of the Vaccine (Example l-2b) 



Batcb 
number 


0 ligure 
WW-U/ml 


^ 37 
1 nonth 


+ 37»C 
.2 itiQ^ths 


*3 hy III T15 


5.0 


148% 


9B% 


83 I.y III Tl^ 


6.2 


107\ 


204% 


B3 Vy 111 T20 


9.7 


144% 


76% 


83 Ly III T21 


15.3 


-124% 


92% 


B3 1*7 III T22 


8.5 


165% 


10^% 


ft3 Ly III T23 


13«4 


105% 


112% 


83 Ly III T23 


9.5 


147% 


12«% 
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The activity of tlie rubles vaccine 
obtained in at2cord»i>cc with Ezmople 1 in a 6og 
after *.e. inoculation is shown in Table 3 
hereinbelow, . 



Tabifi 3i Activity of vaccina {sxampXe 1, dog) 



Humber of iaDctQAt^d 
anltftblB with nor» than 


Vaccine 
according to 

iBit)j 7 ao9B 


Vaccine 
4fcCcordin9 to 
(2b>, 8 Ctogn 


0.5 lU 


100% 


100% 


1 






2 


43% 


75% 


lU B interna tianai unlta of 


atttibafly content 





(d) ccanp&rativo activity m bunans cf ch« 
x«bieo vaccine obtained in accordance with Example 
1 and the HCD vaccine (BehringK 

The activity of the now vaccina was cojnpared with 
that of the HCD vaccine (SehriDg^ Table A hereinbclow shcwfi 
the percentage of subjects which imrouno logically raooted by 
forming antibadiea after admloistratioa of on« of these 
vaccines. In general 0-S m being regarded sb conferring 
protection (Inoculation on days 0, 3, 7, 14 and 28). 
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Taba« i: Comparative totlvity of iftveative Vaccine 
and BCD Vaccine 



(WPIT) 
(4ay 14} 


[SX. I iZb)) 




HOC vaccine 




3 conseeu- 
tive batches 
54 subjects 


2 consocu*' 
13 stibjftcts 


AGVs fi,3 TO 
20 «ibjecc» 


O.S 113 




100% 


100% 


2 


S8% 


100% 


100% 


5 


80% 


B0% 


80% 


10 


45% 


50% 


50% 


IS 


2B\ 


47% 


30% 



JU - international UJ^its of antibody content 



ROBUltfi 

The rabies vncciue prepared by the process accordltx^ 
to the invention proved la tbo cUnicaa trial to be of at 
leajst ««iual quality to an HOC vaccine » wherein the viruses 
had been multiplied In human diploid cell culturas (HOC I. 

Bxm^lB 2 - Prepamtion Of h Purified oun;): atbryo Vaccine. 

Rabifta viruses ware Miiltipli<id la duck, egga which have 
undergone . initial incubation as deacribed in Eacaaiple 1. Tbe 
viruses viexe aeparated fron the esnbryo heads by cuttlny the 
heads open. r«3iu>vin9 the braio tiasue and cominutlng in a 
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maaner prcBcrviny cell and yir&J tntecpric^, and were 
harvested by resucpeneion lj> a phosphate buffer wolutian. 

7he vlr&.l suspend ion was further proc&ssod tr> give a 
vaccine Afi In £x£mpl« 1. 

S BxaiDplft 3 - Purified Duui Aubryo Voccinc . 

9i highly coocentYAted viral jrospenBlon was prepared ia 
AccordaaQ:e \rich SxampXe 1 and was inactivated ^ treatanent 
with tri-(n-butyl) phosphate* After inactlvation, the 
concentrate vas freeze -dried. 

^0 Example 4 - Preparation of Purified Ciiin^Lttn «jiihr?o Vaccine. 
Chicken eggs ara incubated at 36*C ± i*C utxder a 
hianidlty of 50''75% fox 7 days. On day 7 of the incubation, 
tha inoealaia virus was directly inoculated into the yolk sac 
of the e3Qbryos undergoing developonent in the egge. Tbe 

IS incubation continued. Seven days later ^ the eggs ware opened 
and thfi anbryoB ware rsaoved and dlastterftbered* The heada. tha 
spinal cord and the trurJca ware processed separately. They 
si#era comminuted in a »annoi such that the^- provided a 10\ 
strength tinue suspensioa (that is to Bay a suspetuaion of 

20 10% by Might of eiRbryo tiapuo). The viral concentration was 
titrated using Antibody binding toct io the RfTlT {rapid 
Fluoreecent focus iTUsibjtioA Teat), l-tarec scrtofi of tP6t« 
were earriad outs tlia reculte of which are shorn in tbc^ table 
hereinbdlov. 
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TAbl« ^: Preparation of ChicXen Dnbryo Vaccine 



Viral ccmcencration 
<ID so/ml) 



H6Ad 7.25 / 7.4 a 7. a 

SplBAl cord l>.b!> & 7. a 



ID « « viniK tltar x log 10 tor th< raiAimun 

cozicentrfttion for Infdctloii of 50% cf the t,ifisu£ 
cultures* 



wms ioimd that th& tissue of the ce»tzal nervous 
ffSTdtem (CKSk contained about 10 tlneis ajs much virviroa as th8 
trunX without tha cas. 

On tbe basis o£ tliaae zesultSr the praparatloa of tha 
chicken enbryo vaccins by t.ha method described in Sxampla 1 
WAS carriad out only with the embryo heada. In the pres»Dt 
case, the robiea viruBcs which had been adapted to chloXan 
cells v«s irBAltlplied in partially iAoab&ted ohickan eggs, 
«*g.# by the lortbod of B> Koprowskv (Laboratory techniijue in 
Eabiea br K.M. Kaplan et al- , who Geneva, chapter 26, pagea 
235-2423. 

7hm eggv vere inoculated on day. 7 of incubation and 
incubation w&e continued the naxt day. Seven to nine daye 
after inoculation ot the virus into the yolk eac, the heada 
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of the chicteu eiftbryoc were removed and procassart In 
accortifljjcc witb the meUiod described in ExajnpJ* 1. TUifi 
entailed the fioal cc^ncentxAtioB of the vinuvcB be±zig carried 
out hy precipitation witJi polyethylene glycol. Tha veeelAC 
^ prci^ured in this mjubu: vmv aubjesred w the quality control 
teste Ascribed uaaet I through vxi. This vaccine aIbo 
proved to be fully active la hujoana. 

SxTOPle 5 - Prepar&tioa Of Quail Smbrro vacci&e. 

In A mauner analogous to that described Izi Exainple 1» 
10 attentuated rabies virueeo vexe multiplied in quail eggs 
which had uudaxgcne initial incubation, and were harvested 
and processed to ohtatp the veccine. The reiculting vaccine 
proved to be fully active in anianal exper inents* 

ExaiBplo 6 - Preparation Of X R&biea Vaccine 7tm Virused 

15 mitiplied Tn nice. 

Five-day old ssiice were inoculated intracerehraLly with 
attennated. peed rabies viruses « Alter ten da^*s, the joice 
which were stJLll alive were s aerified. n%e brains o£ the 
animals vere removed and coanninuted in a manner which 

2f> preserved cell and viral integrity. The cell aucpenaion was 
proceeeed to give a vaeciae by the procees of Example 1. 
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B3(wfile 7 - ^'reparation Of A TUibl«s Vaccine rron virusaa 
ttultiplied in SatR. 
3-4 day old rata vers inoculated intracorabrally with 
ftttcnuatfcd ree^ rabiae vinwe*. Aiter 12 <3ayS/ the ratfi 
& which vftre atiil surviving w«re saezified. laje braina of th« 
ahixulB were processftd tc give the vaecinfii la analogy to 
Zxanple 6. 

Sxarole 6 - B&biefl Vaccine Prom Viruses Multiplied 
In Rabbits » 

0 six iiay old rabbicG were inocaUted intracerebrally with 

attentiiatad seed viruses. After 15 daya the rabbits were 
aacrlfied. The braius of .the aaijnaJa vere processed to give 
A vaccine in analogy to ETtamplo 6« 

axaniple 9 ^ Vaccine From viruses Multiplied In Lambs « 
S 8-10 day old sheep were inoculated intracerebrally with 

attenuated seed rabies viruses. After 30 days, the laiabs 
were sacrified. Their brains were renoved azid procassed to 
give a vaccine in aaalogy to Sxernple 6. 
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as^vibg now fully describad the invention* it will t)e 
Apparent to ona of oriliaazy skill in the art that naity 
chatig«B Bmd xiDditicatioBB cun be n&de thereto without 
depajninQ txan the spirit o£ the scope ot the inventioii as 
«et fortb liereLn. 
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1. A pncw tor obtftijxlw inactivated r&toiea viroflcs, 
coe!q;>riaiiig: 

11) IntracerobxiLlXy liwculatln^ an cjipcriwfttital 
animl with wbole live r&bies vir^sed? 

(2) allowing for wid vlrusee to multiply j 
O) ccwoninutin^} nerve tissue trom tbe anlatdai'fl 
brain to obtain a cell »u»pcnBioii, said conmiiautioii being 
conducts in th<^ *b»ence of a mlxfsr preserve tte int^ity 

of the viruBed? 

[A) ftapar&ting live whol* viruHcs from the c»ll 

suspension? 

(5) dolipida^i»g th* Uva wtioie virutwc; ftod 
16) Kciectlvely concetitrBtiw the virusej/ wherein 
curpe (1) through H> are coruiucted at le«t once and up to 
3 Usneei «ald virusee beinff eubetMtlAlly ntyeUn-free. 

2. The process of clAiro 1 wherein the viruses are 
aelficUvely concentrated by density gradient ceatxilugatlon 
or precipitation with a polyethylene glycol* 

I. The proceaa of olii» 1 further oowpri^lng 
Inactivating the virueae. 
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4« The process of ci&iTO wheroin -the vlrutrss are 
B«paratfid from Che cell suepeivulon by vroBHiRg and suBpendiJig 
thereof in d pbyeiological haif fcr solaition having a pH about 
7 to a. 

5. The prcceae o£ claim 1 whexoin the virwes are 
delipidatftd by Bdding a vrater-lmniacible liquid organic 
sol vest* 

6. The procBBB of claim 1, wherein the ftplVAnt is a 
hydrocarboD Belected friaro the group consisting of 
water- iamislble liquid hydrocarbons or halogen&tad 
hydrocarbotid . 

7. The procBfifi of claim ^ whcxcin the delipidating 
hydrocarbon i« an haiogcaated hydrocarboa. 

8. The proeass of claim 6 wherein tho hydrocarbon is 
selected from the group consisting of a petroleum ether, 
fluorinated or chloriTiated ethane and homologuea thereof. 

9. The pxooeBB of claim 8 wherein the petroXeun «thar 
ia hepn&nes. 
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10* ThD proceas of claim 1 wherein the anisnal is 
sfel«cteci fran the group consisting of rale©, r^ts, rabbits 
and sheep. 

11. Tlie prcscfed« of clfclm I furtber oomprising precipi- 
tanlon Atxl concentrating the viriusefi. 

12. TbQ process o£ cl&itt 3 whereli^ the vlruEe» Are 
Inactivated by addlug t virus -inactivdtlng aiooent c£ 

p-propioiiolactoae or txl-(n-bur7l)pho&pbate. 

13. The prooess of elaini 1 further comprieiag 
placing said viruEejf in a sterile vial aad 

fre82e-4ryin9 thereof. 

14. A rabies vaccine coapriBing ij>activatcd rablofi 
viruses which are substantially tnyelin-free in an amount 
effective to e lie it an immmologlring respenae wbeo 
admlXLiatered to a subject. 

15. Tbe rabies vaccine of claim 14 having at XeaAt XO 
antigen value units per mg ot nltrogexi. 

16* lha rabies vaccine of clairo 14 in do^a unit fonn. 
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17. X rA2)les vaccine comprising attenuated rabies 
viruses &btaixie4 ^ the process o£ claim 1, said vaeciz^ 
being substantially myellD^free and said viruses ^ing 
presont in an amoutjt effective to elicit an iBpninizlng 
reeponse when adniiuisx:ered tp a aubject. 

IB. rabies vaccine of clalitt 17 taavlng at least 10 

antigen value units per ng of nitroffen* 

19, The rabies vaccine of clain 14 in dosage unit foro-^ 

2D* X process for obtaining attenuated rabiee virusee 
coinprising 

inoculatixig a poultry embryo egg irith Vhole live rabi.ee 
viruses; 

allowing for said viruses to tuiltiply; 

ccBomlnuting the esnbryo from tbe poultry egg to obtain a 
cell suspension; said eoRiminutlon being conducted in the 
absence of a mixer to preserve the integrity of the viruses f 

separating live Whole viruses from the oeli suspension; 

delipldatlng .the live whole viruses; and 

selectively concentrating the virueeer wherein steps (1] 
through (4) are porfoxmed at least once and up to 3 
tines s saitl viruses being substantially nryelln-free. 
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23 . The procQBK of cl&isi jeO further cotaptXBlag inocu* 
Is ting the vixufiAs. 

22. The procees of eJl«lin 20 further coraprlctlng conduct- 
ing tlie folXwln^ B^eps At least once prior to inoculating 
the poultry onbryo 

istr»cerebraJly inoculating an experinental animal «dth 
live «rholtt rabies viruBi^B^ 

allowing for the virus es to iDuItlply; and 
saparatisg live wholo vlruaea iron braiA tissus. 

23. Hnd process of claln 20^ wiiArein tha attenuatod 
viruec*& axe a<elect-ively coneetitrated by density c;xadiex)-t 
centrifugal ion or precipitation witli a polyethylene glycol, 

24. The process of clain 20, wherein the viruses are 
Geparatfid fro» the cell suspension by washing and suf^endlng 
thereof in a physiological buffer solution iihout 7 to 

Z^n The procG&s of claim 20 wherein the vixuees are 
dellpidared by adding a liquid v/ater^insnisclble organic 
solvent. 

26. The process of claim 25, whereis the solvent is 
a bydrocarbon selected fran the group consisting of liquid,, 
val&tlve hydrocarbons or halogenated hydrocarbons. 
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27. The process of c?..alEQ 26 vrnerein trie del ipi dating 
hydrocarbon ia an hftlogen^tea hydr t>c arbon . 

28 . 9he process of olaini 2£ wherelii th« hydrocarbon is 
selected fron the. group oonsiHting ot a petroletnn ether, 
fluoclsiated or chAorixiated etliane azid hoeBologues thereof. 

7S* ^e proceafi of claln 28 wUarcln the petroleum ether 
is heptane « 

3D« The proce&fi oi claim 22 wherein the experimental 
animal is selected from the group coneieting at isiice. rats, 
rahdfrite and sheep. 

31. The procesfi ol daia 21 wherein the viruses are 
inactivated by adding a virus- inactivating amount of 
prop ionolect one or tri- (n- butyl )pbo9phat8* 

3Z, The process of claim 20 further cxanprlatng pre- 
cipitating and concentrating the virueea» 

33 < The prboesB of cLaiA 2Q Wherein the eixibryonic 
poultry eggs are eelactad fron the group conBlsting of 
enbryoinie duck, chicken and guail egga* 
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The proo9B» oi elftlm 20 turthar ccRtprislng 
plaeln? s&ld vlruaos in in 9tftrl>I« vl*l And 



treotfi-drs'ing thereof* 

conttlnln^ tHe vinaaeo iP o)»tAinod by cuggo inatlpq the beads 
o£ ttie efobryoBo 

3^. A rabioa VAccinc cotfuprleiiig in&ctivatad rahics 
vlruB«5 obtaiiied by the process of clAJbc 20 5Aid vaccjJie 
bsiJig KUbatantlAlly Rr/elin-frce And said vlrueoB being 
ptMent In an snount effective to elicit aa imnunising 
response when adninlstared to a Bubjept. 

37. The rabies vaccine of claim 3S contaiExing at least 
10 antigen value units per tag of nirrggen* 

3S, The rabiea vaccine of claixn 36 in doaa^e unit form. 
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